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(57) PecpepaT: 

H3o6peTeHne othochtch k cnoco6y m 
ycTpoticTBy flnn TepMMMecKOM o6pa6oTKM 
npocpunnpoBaHHoro npoKaTa, b MacTHOc™ 
penbcoB. f\nn ynymueHun 3KcnnyaTaL^noHHbix 
CBoticTB npeflycMOTpeHo npoKaT npn 
TeMnepaType MaKcwviyM 1100 °C, oflHaKO no 
MeHbwetf Mepe 750°C, ycTaHaBnuBaTb 
ropn30HTanbHO npaMO npn o6pa6oTKe 
AaBneHMeM b xoAe nepBofi onepa 4 nn 
oxjia>KneHMfl oxjia>KAaioT c oflMHaKOBofi mgcthoCi 
HHTeHCMBHOCTbKD oxnax<AeHHfl ao TeMnepaTypbi, 

B MaCTHOCTM, OT 5 AO 120°C BblliJe 

Ar 3 -TeMnepaTypbi cnnaBa, nocne Hero b KOAe 

BTopoM onepaqnn oxna>KfleHwo ot npoKaTa 
otboaht Tenno b npoAonbHOM HanpaBJiennn c 

OAHHaKOBOM MeCTHOM, eCflM CMOTpeTb B 

nonepeHHOM HanpaBJieHMM no nepucpepnn, 

pa3nHMHOil, HHTeHCMBHOCTblO M 30Hbl 
nOBblLUeHHOfi HHTeHCHBHOCTM OXJia^AeHMfl 
npMBOAAT B COOTBeTCTBHH C 30H3MM BblCOKOK 



MaCCOBOH KOHLjeHTpaUMM, B T3KMX 30H8X 

o6pa3yeTCfl CBo6oAHafl ot MapTeHCHTa 
MenK03epHMCTan nepjiHTHaa cTpyiaypa, nocne 
Hero ocymecTBnflKJT oxna>KAeHne ao KOMHaTHofi 
TeMnepaTypbi. Yctpomctbo b cooTBeTCTBMi c 
M3o6peTeHkieM OTnuMaeTcn HanumneM 30Hbi (A) 
noflroTOBKM, 30Hbi (B) o6pa6oTKM oxna>KAeHneM 
m 30Hbi (C) oKOHMaTenbHoro oxna>KAeHMfl 
npocpunnpoBaHHoro npoKaTa. 3 c. v\ 16 3.n. 
cp-nbi, 3 v\n. 
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(54) METHOD OF HEAT TREATMENT OF SECTIONS, DEVICE FOR ITS EMBODIMENT AND SECTIONS 



(57) Abstract: 

FIELD: methods and devices for heat 
treatment of sections, particular, rails. 
SUBSTANCE: the offered method includes 
rolling of sections at maximum temperature 
of 1100 C, however, at least, 750 C, with 
their horizontal and straight installation 
in plastic metal working. In course of the 
first cooling operation, cooling is carried 
out with same local intensity of cooling 
down to temperature, particular, from 5 to 
120 C above Ar3 - alloy temperature. In 
course of the second cooling operation, heat 
is removed from rolled stock in longitudinal 
direction with same local intensity, if 
viewed in transverse direction, with 
different intensity, but zones of high 
cooling intensity are brought in compliance 
with zones of high mass concentration. In 
such zones, fine-grained perlite structure 



is formed free of mertensite. After that, 
rolled product is cooled down to room 
temperature. The device for embodiment of 
the offered method is distinguished by 
availability of preparation zone A, cooling 
zone B and final cooling zone C of sections. 
EFFECT: higher service properties of 
sections treated by the offered method. 19 
cl, 3 dwg 
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H3o6peTeHne othochtca k cnoco6y 
TepMMMecKoK o6pa6oTKM npocjDMJinpoBaHHoro 
npoKaTa, b nacTHOc™ >Kene3HOAopo>KHbix 
pe/ibcoB, c yBe/iMHeHHbiM otboaom Tenna ot 
nacTeii noBepxHOCTM npocpuna npn oxna>KAeHMU 
M3 raMMa-o6nac™ MaTepwana Ha ocHOBe 
>Kene3a, npuneivi b acenaeMofi (acenaeMbix) 30He 
(30Hax) nonepeHHoro ce4eHna, b nacTHOc™, b 
30He ronoBKH pe/ibcoB ocytnecTBJineTcn 
npeo6pa30BaHne b MenK03epHMCTyio nepnwTHyio 
cTpyioypy c noBbiweHHofl npoHHOCTbio, b 

MaCTHOCTH, C nOBblLUeHHOil npOHHOCTbK) Ha 

ncTupaHMe n noBbiweHHoii TBepAOCTbio, n npn 
onpeAeneHHbix ycnoBunx yMeHbwafieTCH, 
npeAnoHTMTenbHO b ochobhom ucicnioMaeTCfl 
AecpopMaL(i/ifl mjih M3rn6 npoKaTa, b HacTHocTU 
peribca, o6ycnoBneHHasi(biK) Kopo6neHi/ieM b 
pe3ynbTaTe TepMUHeocoCi o6pa6oTKH, 
nepneHflMKynfipHO npoAonbHofi ocu npn 
oxna>KAeHHM pp KOMHaTHoPi TeiwnepaTypbi, b 
nacTHocTM , nocne npeo6pa30BaHMfl CTpyicrypbi b 

yCMJlBHHO OXJia)KAeHHOV1 (OXJia>KAeHHblx) 30He 

(30Hax) nonepeHHoro ceneHi/ifl v\ AocTHraioTCH 
noBbiiueHHbie >KecTKOCTb v\ npoHHOCTb npn 
M3rn6e npoKaTa npn 3HaKonepeMeHHOM uyivne. 

KpoMe Toro, M3o6peTeHMe KacaeTca 
ycTpoMCTBa Ana TepMHHeacofi o6pa6oTKM 
npocpunnpoBaHHoro npoKaTa, b MacTHocTU 
)Kene3HOAopo>KHbix penbcxjB, cocTonmero b 

OCHOBHOM no MeHbWeCl Mepe M3 OAHOCi 30Hbl 

noAroTOBKM npoKaTa Ha ponbraHre c 

yCTpOMCTBOM nO3HLJHOHMp0BaHMfl npOKaTa, 30Hbl 

o6pa6oTKM oxjiawfleHMeM c ycTpotfcTBaMH Ann 
nopi^noHHoro OTBOAa Tenna c BbicoKotf 
nHTeHCMBHOCTbio ot noBepxHoc™ npoKaTa M c 
3ohom Ann oKOHHaTenbHoro oxna>KAeHHfl 
npoKaTa ao KOMHaTHotf TeMnepaTypbi, a TaiOKe 
co cpeACTBaiwn (MexaHH3MaMM) yicnaAKH, 
nonepeMHotf TpaHcnopTupoBKM, yAepxaHun m 
MaHMnynnposaHMJi. 

HaKOHei4 n3o6peTeHne KacaeTcn 
npocpunnpoBaHHoro npoKaTa, b MacTHOCTM 
>Kene3HOAopo>KHoro penbca, cocTonmero H3 
ronoBKM penbca c no MeHbwefi Mepe HacTMHHO 
nepjiMTHofl CTpyicrypoCi, noAowBbi penbca m 
ujefiKM Me>Kay ronoBKoti m noAowBOM penbca. 

npocpnnnpoBaHHbiR npoKaT, b nacTHOCTH 
>Kene3HOAopo>KHb[e penbcbi, H3roTOBneH win 
H3roTOBneHbi b 6onbUJMHCTBe cnynaeB v\z 
cnnaBOB Ha ocHOBe >Kene3a c coAepwaHueM, 
Bee. yrnepoA (C) 0,4-1,0; KpeMHMM (Si) 
0,1-1,2; MapraHei^ (Mn) 0,5-3,5; npn 
Heo6xoAM mocth xpoMa ao 1 ,5, a TaiOKe Apyrux 
nernpywiAnx aneMeHTOB c KOHqeHTpaqnePi 
MeHee 1 % ocTanbHoe aceneso n o6ycnoBneHHoe 
TexHoriornei^ (TexHonornHecKne) npniwecn. no 
npMMUHe o6iAeynoTpe6nTenbHbix pa3MepoB, 
HanpuMep c BecoM ot 30 ao 100 ki7m, m 
BbiTeKarainero va araro OTHOuueHun nonepeMHoro 
ceneHHH k nepniweTpy penbcoB npn oxna>KAeHHH 
npoKaTa nocne a>opMOo6pa3yiotnero HarpeBa Ha 
HenoABM>KHOM B03Ayxe, HanpMMep Ha 
xoJioAnribHUKax npoKaTHoro CTaHa v\ mm 
noAo6Hbix, BcneACTBue MeAneHHora 
oxna>KAeHHfl nponcxoAUT npeo6pa30BaHne 
CTpyicrypbi H3 aycTeHHTHoii b 3epHMCTyio 
KpynHonepnuTHyio cTpyicrypy, HMeratnyio b 
AaHHOM cnynae c)DeppnTHbie BKnraHeHMfl. ripn 
3T0M ynoMHHyTbie BHanane MaTepnanbi c 
BbitueynoMnHyToCi cTpyicrypoM HMeraT TBepAOCTb 
no BpnHenio b Anana30He ot 250 flo 350 HB. 

Poct o>KHAaeMoro o6"beMa nepeB03OK m 
6onee bhcokhx oceBbix Harpy30K, a TaiOKe 
)KenaHMe yBeriHMMTb b npaKTHMecraM 
Mcnorib30BaHnn >Kene3HOAopo>KHbix penbcoB Ha 
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cpoK cny>K6bi, npuBenn k 6onbiuoMy KonnnecTBy 
npeAno>KeHM£ii no noBbiweHwo TBepAOCTM m 

M3HOCOyCTOM4MBOCTM MaTepMana. flpu 3TOM 

6onee 6naronpnHTHbix mtim ynymueHHbix 
cboKctb MaTepnana c TBepAOCTbio no BpuHenio 
400 HB n Bbinie mo>kho AocTMHb nyTewi 
TepMnnecKoCi o6pa6oTKH m/hjih c noMOiAbio Mep 
TexHMKM nernpoBaHMfl. 

OAHaKO penbcbi Ha none cpeAH nponero, c 

LjeJlblO C03AaHMfl 6eCCTblKOBblX 

SKcnjiyaTaunoHHbix ahmh hjtm MHorojiHHetfHbix 

ynaCTKOB A°Jl>KHbl XOpOUJO 6blTb 

CBapuBaeMbiMH, TaK hto Mepu TexHUKU 
jiempoBaHUfl c ue/ibio noBbimeHnsi TBepAOCTM 

MI1M npOMHOCTM H BS13KOCTH MaTepnana H3-3a 

npo6neM CBapKH b 6oribiiJMHCTBe cnyMaeB MoryT 

6blTb BbinOJlHeHbl TOJlbKO B He3HaMMTej1bHOM 

o6"beMe m MoryT 6biTb L^eneHanpaBneHHO 
ocymecTBjieHbi c noMombio npuBeAeHHoPi b 
COOTBeTCTBMe C COCTaBOM CTann TepMM^ecKoR 
o6pa6oTKH (DE-C-3446794, EP-B-01 87904, 
EP-B-01 86373). TaiOKe no SKOHOMMHecKUM 
cooopaweHHHM noAo6Horo poAa cnoco6bi b 
6onee lunpoKOM MaciUTa6e ce6si He onpaBflann. 

MTo6bi noBbicnTb 3KcnnyaTaL^noHHoe 
KaMecTBO penbcoB m AeTaneM CTpeno^Horo 
nepeBOfla M3 ynoM^HyTbix BHanane MaTepnanoB, 
mojkho, KaK M3BecTHo cnet^nanncTy, nyTeM 
TepMMHecKOM o6pa6oTKH (TepMMHecKoro 
ynyMiueHMfl) Ao6nTbcn nonyMeHun 
MGJiK03epHncTOM nepfiMTHoti CTpyicrypbi 
MaTepnana. Flpu 3tom b3>kho npn oxna>KAeHMM 

yCTaHOBMTb yCJlOBUfl \A!W[ HOpMbl OXJiaJKAeHMfl, 

cooTBeTCTByioiAMe TeMnepaType aycTeHM3aLinn. 
B AOKyMeHTe EP-B-0293002 3Toro, 
HanpuMep, npeAnaraeTcn nocne 
nepBOHananbHO bncokom HHTeHCHBHOCTM 
oxna>KAeHnn npaKTunecKn npoBOAMTb 
M30TepMMHecKoe CTpyicrypHoe npeBpai^eHMe 
MaTepnana npuMepHO npn 530 °C. M3 
Bbiaien3JioxeHHoCi 3a3BKM OPr N 2820784, 
KpoMe Toro, 6bino n3BecTHO npoBeAeHMe 
saKariKM penbcoB onpeAeneHHoro cocTaBa b 
Kunnmeti BOAe m AOCTM>KeHMH 3a cneT Ao6aBOK, 
a TaiOKe Mep nepeMemeHMfl xenaeMoCi 
MHTeHCHBHOCTM oxna>KAeHnn c Ljenbio 
nojiyMeHna TOHKOsepHMCToro nepnuTHoro 
cocTOHHnn CTpyicrypbi. 

B COOTBeTCTBUM c naTeHTOM Abctphh N 
323224 yxe npeAnaranocb n3roraBneHne 
pe/ibcoB c roMoreHHoii MeriKoCi nepnuTHOM 
CTpyicrypoM npn Bbi6paHHOM jiernpoBaHMM c 
noMoinbio ncnonb30BaHnn onpeAeneHHbix 
napaMeTpoB oxnajKAeHun, HanpuMep ckopoctm 
oxna>KAeHHfl ot 10 ao 20°C/c ao TeMnepaTypbi 
MaKCMMyM 550 °C. Oah3ko pf\n 
BbinieynoMsiHyTbix Mep o6iahm HeAocTaTKOM 
flBnneTcn to, hto OAMHaKOBan MHTeHCHBHOCTb 
oxnaxcAeHun noBepxHOCTM b 3aBncnMoc™ ot 
Maccbi npoKaTbiBaeMoro npocpuna Mo>KeT 
Bbi3biBaTb pa3nnHHbie crapocTM oxna>KAeHMn M 
pa3nnHHbie CTpyicrypHbie o6pa30BaHnn b 

6nM3KMX nOBepXHOCTHblX 30HaX V\ HTO H3CT0 

Heo6xoAHMo npuHUMaTb AoporocraniAne Mepbi, 
hto6w M36e>KaTb He>KenaTenbHbix MecTHbix 
CTpyicrypHbix o6pa30BaHnii nnn cbomctb 
MaTepnana, b nacTHOc™ npe3MepHoii 
TBepAoc™ m xpynracTH b Harpy>KeHHbix 
maBHbiM o6pa30M Ha M3rn6 nacmx penbca. 

HeoAHOKpaTHo TaiOKe npeAnaranocb 
LieneHanpaBneHHo ycTaHaBnuBaTb 
reTeporeHHyio MUKpocTpyKTypy b nonepeHHOM 
ceneHMM penbca, a HMeHHO b cooTBeTCTBM m c 
cooTBeTCTByioiAMMH Harpy3KaMH. H3 3anBKH <$>PV 
N 3006695, HanpuMep, M3BecTeH cnoco6, b 
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cooTBeTCTBMM c KOTopbiM M3 ropflnero npoKaTa 
nyTewi oxnsuxAeHMfl penbca Bbi3biBaeTCfi 
npeo6pa30BaHne no BceMy nonepeHHOMy 
ceneHHio, nocne nero ronoBKa penbca, b 
MacTHocTM c noMom,bio HHflyKTMBHoro HarpeBa, 
peaycTeHM3npyeTC5i m 3aTeiw 3aKannBaeTcn. 
KpoMe Toro, b cooTBeTCTBHH c WO 94/02652 
6bino npeAno>KeHO oxna>KAaTb ronoBKy penbca 
flo TeMnepaTypbi Ha noBepxHOCTM ot 450 ao 
550 oq B oxna>KflaK3ineCi cpeAe co cnei4nanbHO 

yCTaHOBJieHHOM MHTeHCMBHOCTblO OXna>KAeHMfl H 

6naroflapsi STOMy co3AaTb b ronoBKe penbca 
MenK03epHMCTyio CTpyicrypy. flnn noAoSHoro 
poAa o6pa6oTKM npuroAHO ycTpoMCTBO Ann 
noABecHoro 3aKanuBaHUfl penbcoB b 
cooTBeTCTBMH c 3aflBKOM" <t>Pr N 4237991) 
TpaHcnopTupoBaTb mum oxna>KAaTb pe/ibcbi b 
noABeiueHHOM nonoxeHMM, npeAnoHTMTenbHO 
ronoBKotf BHM3, Ha xoxiOAMnbHMKe npoKaTHoro 
CTaHa, npMMeiw, oAHaKO, u,eneHanpaaneHHoe 
o6pa30BaHMe reTeporeHHOM CTpyicrypbi no 
nonepeHHOMy ceneHMm Bpna jim bo3mo>kho. 

0611J.MM HeAOCTaTKOM BCeX M3BeCTHb!X AO 

cmx nop cnocoSoB m ycTpoficTB ABJineTCfl to, 
hto xo™ npM M3roToaneHMM npocpMnMpoBaHHoro 
npoKaTa stm peweHMH npMBOA^T k AocTMxeHMK) 

L^eJlM B OrpaHMHeHHblX 30HaX MUM OTHOCMTeJlbHO 

OTAenbHbix TexHonorMMecKiix onepaqufi, oflHaKo, 
He MoryT noKa3aTb yAOBJieTBopnTenbHoe 
npeoAoneHMe o6mefi npo6neMaTMKM npw 

3K0H0MHMHOM M3rOTOBJleHMM 

BblCOKOKaHeCTBeHHblX ATlMHHblX pe/lbCOB CO 

cnei^nanbHbiMM KanecTBeHHbiMH 
xapaKTepMCTMKaMM. 

B A3HHOM cnynae M3o6peTeHne xoneT 
OKa3aTb noMOiAb m CTaBMT nepeA co6om u,enb 
yKa3aTb npn ycTpaHeHMM HeAOCTaiKOB 

M3BeCTHblX BMAOB M3rOTOBJieHMfI HOBbltf CnOC06, 
C nOMOlAbK3 KOTOporo MOXeT 6blTb M3r0T0BJ16H 

npoKaT c oco6eHHO npeAnoMTMTenbHbiMM 
SKcnnyaTaqMOHHbiMM CBOMCTBaMM. Kpoiwe Toro, 
3anaHeM M3o6peTeHMn flBnaeTCH M3roTOB/ieHMs 
ycTpoticTBa, b nacTHOCTM, pfw peann3aqnM 
cnoco6a, m BbinonHeHMe npoKaTa, b nacTHoc™ 
pexibca, Ana MaKCMManbHbix Harpy30K. 

flocTMraeTca gto TeM, hto npoKaT, b 
MacTHocTM peribc, co cpeAHeM TeMneparypoC^ 
MaKcuMyM 1 1 00°C, npeAnoHTMTenbHO MaKCMiwyM 
900°C, OAHaKO no MeHbwefl Mepe 750°C, npM 
KorapoM BbinpaBnnioT no npsMOM npoAonbHoe 
HanpaBJieHMe npM nnacTMHecxoM 

CpOpM006pa30BaHMM, B BbinpSMJieHHOM 

nonoxeHMM nepeBOAflT b nonepeHHoe 
HanpaBneHMe m BbiAepwMBaioT, b xoAe nepBOM 
onepai^MM oxnaacAeHMfl npoKaTa mjim penbca 
nocneAHMM mjim nocneAHioK) oxnaacqaioT ao 
TeMnepaTypbi HM>xe 860°C, npeAnoHTMTenbHO 
AO TeMnepaTypbi orano 820°C, b nacTHOCTM ot 
5 ao 120°C Bbiiue Ar3-TeMnepaTypbi cnnaBa o 

OAMHaKOBOR MeCTHOM MHTeHCMBHOCTblO 

oxna>KAeHMn, npeAnoHTMTenbHO b ochobhom 
nyTeM M3nyHeHMSi Ha HenoABM>KHOM (oTKpbiTOM) 
B03Ayxe, nocne Hero b xoAe BTopofl onepaqMM 
oxna>KAeHM5i ot npoKaTa otboamtch Tenno b 
npoAonbHOM HanpaBneHMM, b ochobhom c 

OAMH3K0BOM MeCTHOM, ecnM CMOTpeTb B 

nonepeHHOM ceneHMM no nepMcpepMM 
pa3nMHH0M, MHTeHCMBHOCTblO, m no MeHbUJeM 
Mepe b oahom 30He no nepMcpepMM 
npocpMnMpoBaHHoro npoKaTa co3AaioT 
ycMneHHyio MHTeHCMBHOCTb oxnax<AeHMn, 

npMHeM ©OTlbUJe^ (6onbUJMM) MHTeHCMBHOCTM 
(MHTeHCMBHOCTflM) OXJiaWfleHMfl COOTBeTCTByeT 
(COOTBeTCTByiOT) 30Ha (30Hbl) C OOnbWMM 
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OTHouieHMeM nonepeHHoro ceneHMH k 
nepMMeTpy wnv\ c bwcokom" Aonefi oQheua, 

OTHeceHHOM K nOBepXHOCTM, Wm C BblCOKOpi 
MaCCOBOM KOHL(eHTpaL(MeM M/MnM C MeCTHOR 

BbicoKOM TeMnepaTypoM npoKaTa, b MacTHocTM 
pe/ibca, m 30Hy (30hn) c Tararo poAa 
noBbiLueHHOM CKopocTbio oxna>KAeHM5i aoboaht 
AO TeMnepaTypbi npeo5pa30BaHMn, npM kotopom 
npM AaHHbix ycnoBMfix oxna>KAeHMn o6pa3yeTcn 
CBo6oAHaq ot MapTeHCMTa MenKosepHMCTaa 
nep^MTHan CTpyicrypa, nocne Hero b xoAe 
nocneAyiomeM onepai^MM npoBOA^T oxna>KAeHMe 

AO KOMH3THOM TeMnepaTypbi C 0AMH3K0B0M 
(paBHOMepHOM) MeCTHOM MHTeHCMBHOCTblO 

oxna>«AeHMfl, HanpMMep Ha HenoABM>KHOM 
(OTKpbiTOM) B03Ayxe. 

Ba>KHbiM ^Bnaerc!] to, mto ocym,ecTBnflioT 
BbipaBHMBaHMe no np^MOM npoKaTa npM 
nnacTMHecKOM cpopMoo6pa30BaHMM m 3to 
npoBOflflT b Anana30He TeMnepaTyp ot 750 ao 
1100°C. KaK 6bino o6Hapy>KeHO, TeMnepaTypbi 
HMJKe 750°C MoryT npMBecTM k HacTMHHO 
ynpyroMy M3rM6y c oTunoHeHMAMM ot 
BbipaBHMBaHun no npnMOM m BnocneACTBMM k 
HeroMoreHHoti (HepaBHOMepHofi) mht6hcmbhoctm 
oxna)KAeHMfl b npoAonbHOM HanpaBneHMM 
penbca. TeMnepaTypbi npoKaTa Bbiiue 1100°C 
cnoco6cTByioT b 6onbLUMHCTBe cnynaeB pocTy 
aycTeHMTHbix 3epeH Mnn k 06pa3OBaHMio 
Kpynnbix 3epeH, hto b KOHU,e kohl\ob mokct 
OTpMuaTenbHO anMJiTb Ha CBOMCTBa MaTepMana. 
HcxoAfl M3 BbipoBHeHHoro no np^MOM npoKaTa 
A/w o6pa30BaHMn MenK03epHMCTo(^ nepnMTHOM 
30Hbi nonepeHHoro ceneHMn, paBHOMepHO 
ycTaHOBneHHOM b npoAonbHOM HanpaBneHMM, 
Ba>KHbiM OKa3anocb to, hto npoKaT 
BbiAepxMBaiOT m b xoAe nepBOM onepaL^MM 
oxna>KAeHMn paBHOMepHO (ypaBHMTenbHo) 
oxnax<AaioT ao TeMnepaTypbi HM>Ke 860°C c 

OAMH3KOBOM MeCTHOM MHTeHCMBHOCTblO 

oxna)«AeHMfl. ripn stom, c oahom CTopoHbi, 
MOMceT 6biTb BbipaBHeHa MecTHan 
HeroMoreHHOCTb pacnpeAeneHMn TeMnepaTypbi 
b npoAonbHOM HanpaBneHMM, KOTopan Bbi3BaHa 
npM AaHHbix ycnoBMflx npMneraHMeM MecTaMM k 
yoTpoMcTBy nonepeHHO^ TpancnopTMpoBKM, c 
Apyrofl CTopoHbi, ycTaHaBnMBaioT 

ocecMMMeTpuHHoe v\nv\ 
ueHTpanbHo-cuMMeTpuHHoe pacnpeAeneHne 
TeMnepaTypbi b nonepeHHOM ceneHMM 
npocpMnMpoBaHHoro npoKaTa m 6naroAapfl 3T0My 
CTa6MnM3MpyioT npjiMonMHeMHOCTb nocneAHero. 
Oco6eHHO npeAnoHTMTenbHO npoBOAMTb sto 
paBHOMepHoe (ypaBHMTenbHoe) oxna>KAeHMe ao 
TeMnepaTypbi ot 5 ao 120°C Bbiiue 
Ar 3 TeMnepaTypbi cnnaBa, HTo6bi co3AaTb 

6naronpMHTHbie ycnoBMfl Ann HacTMHHoro 
npeo6pa30BaHMfl CTpyicrypbi b MenK03epHMCTyio 
nepxiMTHyio cTpyioypHyio cpopMy b nacTnx 
nonepeHHoro ceneHMn. ripn stom 
Ar 3-TeMnepaTypoM nBnneTcsi Ta TeMnepaTypa, 
npM kotopom HaHMHaeTcn npeo6pa30BaHMe 
(npeBpameHMe) raMMa-peujeTKM b 

anbcpa-peiueTKy cnnaBa npM ckopoctm 
oxna>KAeHMn 3°C/mmh. 

Oxnax<AeHMe npoKaTa b ochobhom c 
OAMHaKOBOM b npoAonbHOM HanpaBneHMM, c 
pa3nMHH0M no nepMMeTpy, ecnM CMOTpeTb b 
nonepeHHOM ceneHMM, MHTeHCMBHOCTblO OTBOAa 
Tenna caMO no ce6e M3BecTHO. OAHaKO B3>kho 

AHfl 30Hbl C yBenMHeHHO^ MHTeHCMBHOCTblO 
OXna>KASHM51 nOBepXHOCTM npMBOAMTb B 
COOTBeTCTBMe C MaCCOBO^ KOHL(eHTpai4MeR 

npoKaTa. B coneTaHMM c BbipaBHMBaHMeM no 
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npflMOM, paBHOMepHbiM (ypaBHMTenbHbiM) 

OXJia>KfleHMeM H yCTaHOBKOtf CHMMeTpMHHOrO 

pacnpeAeneHMfl TeMnepaTypbi n npnaeAeHneM b 

COOTBeTCTBMe C 30HaMM OXJia>KaeHHfl MO>KHO 

pa3JiMMHyio no 30Haiu nonepeHHoro ceHeHua 
CKopocTb oxnaxcAeHUfl noAAep>KHBaTb no 
cymecTBy oflMHaraBOM b npoflonbHOM 
HanpaB/ieHUM npoKaia. flpn stom BajKHbiM 
HBJifleTCH ycTaHOBJieHne BeriHHHHbi ckopocth 
oxna>KneHMfl, c kotopom npeflycMOTpeHHaa 30Ha 
npoKaia aoboamtch ao TeMnepaTypbi 
npeo6pa30BaHna. KaK Ha cpur.3, Ha KOTopotf 
noKa3aHa H3BecTHan cnei^nanncTy AHarpaMMa 
npeBpaiAeHun b KoopAMHaTax 
BpeMA-TeMnepaTypa cnnaBa c onpeAeneHHbiM 
cocTaBOM, npu 6onee bwcokux 3HaHeHMfix 

OXJia>KAeHHfl, OTJIMMHblX OT A 3-TeMnepaTypbl, 

Hanpniwep KpuBbie "c" v\ "d", b CTpyicrype 
o6pa3yioTCfi MapTeHCMTHbie MacTMMKM, 
BcneACTBMe nero MaTepuan, xoth m 
npnoSpeTaeT 6onee Bbicoicyio TBepAOCTb, 
OAHara cyiAecTBeHHO TepaeT b ynpyrocTH n 
wweeT noBbitueHHyio CKnoHHOCTb b pa3pyweHwo 
m era npeAycMOTpeHHoe ncnonb30BaHne 
6onbiije HeB03MOXHO. Hn3Kne 3HaHeHMn 
oxna>KAeHMfl, HanpuMep KpuBan "h", 
cnoco6cTByioT o6pa30BaHwo KpynH03epHMCTotf 
nepjiMTHoti mhvkovi CTpyicrypbi. TaKMM o6pa30M, 

Ba>KHO yCTaHOBHTb MecTHbie CKOpOCTU 

oxna>KAeHHH HacTonbKO BbicoKHMM, MTo6bi npn 
npeBpameHnn b juo6om cnynae HCKnioHanocb 
6bi o6pa3oaaHMe MapTeHcuiTa, OAHara HTo6bi b 

30He nOBblliieHHOfl UHTeHCUBHOCTH OXJia>KAeHHfl 

o6pa30BbiBanacb MenK03epHMCTan nepnuTHan 
cTpyicrypa. Ilocne noriHoro npeo6pa30BaHnn 
CTpyicrypbi, MTo6bi yivieHbtiJUTb nnn b ochobhom 
npeAOTBpaTHTb Kopo6neHne npoKaTa, 
nocneAHeft c oAHHaKOBotf MecTHOM 

MHTeHCHBHOCTbKD OXJiajKAeHMfl AOBOAMTCH flO 

KOMHaTHOM TeMnepaTypbi. 

OcoCeHHO npeAnoMTMTenbHO, KorAa 
TepMMMecKyio o6pa6oTKy nocne ropfwefi 
AecpopMaqnn npoKaTa co CTeneHbio 
AedpopMai_\MM ot 1,8 ao 8% npeAnoHTMTeribHO ot 
2 ao 5% ocymecTBriflioT b nocneAHeM nepexoAe 
npu Ten/inepaType no MeHbiuetf Mepe 750°C m 
MaKCMMyM 1050°C TennoM ot ropflHero 
nnacTMMecKora cpopMoo6pa30BaHHH (ropnMePi 
o6pa6oTKM AaBJieHHeiw). CtoHHaTenbHoe 
AecpopMnpoBaHne co oreneHbio AecpopMaLjUH 
mjim yMeHbLueHun nnoiAaAM nonepeHHoro 
ceneHMfl ot 1 ,8 ao 8% Bbi3biBaeT M3MenbHeHne 
aycTeHMTHbix 3epeH, ecnn nnacTi/inecKoe 
AecpopMnpoBaHne ocyiAecTB/ifltoT b Anana30He 
TeivinepaTyp ot 770 ao 1050°C. KaK OKa3anocb, 
CTeneHH p,e(popMau,m Huxe 1,8% BbObiBaioT 
MecTaMM o6pa30BaHne oco6eHHO KpynHora 
3epHa ani/i pocT 3epHa; HanpoTMB, flecpopMaL|nn 
6onee 8% Bbi3biBaioT cunbHoe noBbitueHne 
TeMnepaTypbi b L(eHTpanbHbix nnn BHyTpeHHux 
30Hax, oMeBHAHO, no npwHHHe 
BbicBo6o>KAaiomeCicfl 3Heprnn npu 
nnacTMMecKOM AecpopMnpoBaHHM, BcneACTBMe 
nero MoryT noHBnfrrbCfi MecTHbie 
HeroMoreHHOCTM CTpyicrypbi v\ HeAOCTaTKH c 
tohkm 3peHnn KanecTBa. 

npuHUMan bo BHUMaHne nonyneHne b 
ochobhom, BbipoBHeHHoro no npflMOM win 
coocHoro pacnonoxeHMH npoKaTa nocne 
oxna>KAeHMfi ao komh3thom TeMnepaTypbi m, b 
nacTHOCTM, MMeioiAero noBbiweHHbie >KecTKOCTb 
m npeAen npoHHoc™ npn M3rn6e npn 
SHaKonepeMeHHOM uyime, 6onbiiiMM 
npenMymecTBOM HBnHeTCH to, hto b xoAe 
BTopoR onepaL^nn oxna>KAeHMn co3AaiOT 
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yBennneHHyio MHTeHCMBHOCTb oxna>KAeHMn b 
AByx mjim HecKonbKnx 30Hax no nepuMeTpy 
npocpunnpoBaHHoro npoKaTa. BnaroAapn STOMy 

B HeCKOJlbKHX 6J1M3KMX K nOBepXHOCTH 30HaX 

nnomaAH nonepeHHoro ceneHMfl mo>kho AOCTMMb 
6anee BbicoraM TBepAoc™ m 6onee BbicoKofl 
npoMHOcTn MaTepnana 3a cneT 6onee MenKoR 
nepnuTHOM CTpyicrypbi. ripn Harpy3Ke npoKaTa Ha 
M3rn6, npM KOTopoM HanBonee yAaneHHO 
pacnonoxeHHbie ot HefrrpanbHbix botiokoh v\m 
HyneBoK nnHMM 3ohu nonepeHHoro ceneHMJi 
MMeior Han6onbiUMe HanpaaceHmi, moxho 
co3AaTb no MeHbiiieti Mepe ABe m stmx 
nepndpepn£iHbix 3oh c noBbiujeHHOM 
npoHHOcTbio. ripn 3TOM y penbca, KaK 6bmo 
o6Hapy>KeHO, mo>kho noBbiCMTb TaKxe Bfl3KOCTb 
MaTepnana b 30He noAOUJBbi penbca, 
npeAOTBpatAaioiAyio pa3pbiB b pe3ynbTaTe 
o6pa30BaHnn TpemnH. 

npeAnoHTHTenbHO nacTb npoKaTa, KOTopaji 
HMeeT Han6onbiuyio MaccoByio KOHi^eHTpaqnio, 
HanpuMep ronoBKy penbca, oxnawAaTb mgtoaom 
norpy>KeHH5i mjim norpy>KeHneM b oxna>KAaioiAyio 

>KMAKOCTb, npn 3TOM OAHOBpeMeHHO OT APyroK 

(Apyrux), npeAycMOTpeHHOM (npeAycMOTpeHHbix) 
b AanbHeiiiLieM atih ycuneHHoro oxna>KAeHHfl 
nacTM (nacTeM) npoKaTa c MeHbiuePi MaccoBOM 
KOHLieHTpai^neM, HanpuMep ot noAOUJBbi penbca, 
Tenno otboaht c noMombio cpeACTBa c 

MeHbLUefi M HTeHCM BHOCTblO OXJiaXCfleHMfl, 

HanpuMep, c noMoiAbio cxaTora B03Ayxa nnn 
nyTeM pacnbineHun CMecu H3 B03Ayxa n BOAbi. C 
noMoiAbio noAogHoro pofla Ae^cTBMM moxho 
npoTHBOAePicTBOBaTb o6pa30BaHMio BbicoKoro 
BHyTpeHHero HanpnxeHHoro cocTOflHun m 
TepMnnecKOMy Kopo6neHnio npoKaTa. 

MToSbi b ynoMAHyTbix BHanane cnnaBax Ha 
ocHOBe Hcene3a M36e>KaTb BpeAHoro 
o6pa30BaHnn MapTeHCMTa m Ao6nTbcn 
nojiyneHMfl MenK03epHMCT0M nepnuTHOM 
CTpyicrypbi, npenMymecTBOM mmeTcn to, hto 

BeJlMHMHy HHTeHCMBHOCTM OXJia>KAeHMfl, B 

nacTHOCTH, cocTaB oxna>KAaiometi jkhakoctm pj\n 
oxnaxcAeHMfl norpy>KeHneM ycTaHaBnuBaioT 
TaKUM 06pa3OM, hto b Anana30He TeMnepaTyp 
ot 800 ao 450°C AOCTuraeTcn oxna>KAeHMe 

6/1M3KMX K nOBepXHOCTH 30H, maBHbIM o6pa30M 

norpyaceHHoPi nacTM, co CKopocTbio ot 1,6 ao 
2,4 °c/c, npeAnoHTHTenbHo okojio 2,0°C. 3Ta 
CKopocTb oxnaxcAeHun mmejcn Taiose 
npeflnoHTHTenbHoii no SKOHOMMHecKMM 
coo6pa>KeHMfiM, noTOMy hto npn AOCTHxeHnn 
>KenaeMoro KanecTBa npoKaTa Tpe6yeTcn 
KpaTKOBpeMeHHoe oxna>KAeHMe b xoAe BTopow 
TexHonornnecKO^ onepaqnn m TeM caMbiM 
MO>KeT 6biTb AOCTurHyTa 6onee BbicoKan 

np0H3B0AMTeribH0CTb. 

flnn yMeHbiueHMfl KpnBM3Hbi 
npeAnoHTHTenbHbiM OKa3anocb to, hto b cnynae 
npocpunnpoBaHHora npoKaTa c TaBpoBoR 
T-o6pa3HOM 30HOM nonepeHHoro ceneHun, KaK, 
HanpuMep, sto HMeeT MecTO Ha noAoiUBe 
>Kene3HOAopo>KHoro penbca, npoTMBonono>KHyio 
ujefiKe penbca 30Hy win noBepxHOCTb 

OXna>KAaiOT C nOBblUJeHHOM MHTeHCMBHOCTblO, 

npeAnoHTMTenbHO c noMoiAbio oKararo B03Ayxa 
mjim nocpeACTBOM pacnbineHun cMecu H3 
B03flyxa n BOAbi. Ilpn stom b CMbicne 
ynyHiueHMfl xapaicrepMCTMK AonroBeHHOCTM 
oco6eHHO SnaronpusTHbiM OKa3anocb, KorAa 
npoTHBonono>KHyio ineMKe penbca 

noBepxHOCTHyio 30Hy c noBbiiueHHoPi 
MHTeHcuBHOCTbio oxnaxcAeHMfl o6pa3yioT b 

OCHOBHOM CUMMeTpMHHO OTHOCMTejlbHO OCH 

LueCiKH penbca m orpaHMHUBaioT b npoAonbHOM 
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HanpaBJieHMH. 

KpoMe Toro, KorAa ncunioMaioT noBbiweHHyio 
MHTeHCMBHocTb oxna>KfleHi/ifi nepMcpepMMHbix 

OTHOCMTejlbHO MaCCOBOtf KOHU,eHTpaU,MM MnM 

ycTbfl weiiKM penbca 30H nonepeMHoro ceneHna 
npocpMnMpoBaHHoro npoKaTa n/nnn 30Hbi 
3atnMLnaioT ot noBbiweHHoro OTBOfla Tenna nnn 
no MeHbwePi Mepe HarpeBaioT KpaTKOBpeMeHHO, 
to b rpaHflx npoKaTa mo>kho nonyMMTb CTpyicrypy 

C OflMHaKOBOtl HUM MeHbliieM npOMHOCTbK) 

MaTepnana. EnaroAapn 3TOMy HeoxMflaHHO 
cHMxaeTca onacHocTb pa3peiueHHfl, b 
MacTHOCTH, npH yflapHoii m/hjim M3MeHmom,eMcn 
AnMTenbHOM Harpy3Ke npoKaTa. 

Oco6an CTa6nnbH0CTb cpopMbi MOxeT 6biTb 
flocTHrHyTa Torfla, Korfla HHTeHCMBHOcTb 
oxna>KneHM5i Ha noBepxHOCTH 
npocpMJinpoBaHHoro npoKaTa, b HacTHOCTH 
pe/ibca, ycTaHaanMBaioT TaKHM o6pa30M, mo 
30Hbi, b kotopux npoMcxoAHT npeo6pa30BaHne 
raMMa-cTpyiaypbi npM oxna>KHeHHM, o6pa3yioTcn 
b ochobhom napannenbHO CHMiweTpuHHO v\lv\i\w 
napannexibHo HePiTpanbHOM nnocKocTM, 

npeflnOMTMTeJlbHO KOHU,eHTpMMHO OTHOCMTejIbHO 
J1MHMM L(eHTpa Tn>KeCTM MJ1M LjeHTpa ™>KecTM 
nnomaflu nonepeMHoro ceneHna. 

Mra6bi AoGnTbcsi b ochobhom coBepiueHHO 

OAMHaKOBOM MeCTHOM MHTeHCHBHOCTM 

oxna>KAeHUfl b npoAonbHOM HanpaBneHMH v\ 
noAAepxuBaTb cTa6nnbHbiM nepexoA Tenna b 
oxna>KAaeMyio cpeAy, b cooTBeTCTBun c 
H3o6peTeHneM mo>kho npeAycMOTpeTb, mto 
npoKaT, MacTb Koraporo oTHeceHHyio k 
nonepeMHOMy ceneHwo norpy>KaioT b 
oxna>KAaioLAyio acMAKOCTb b pe3epByape Ann 
norpyxeHHfl, b to BpeMn KaK oxnaxyjeHMe b stom 
oxna>KAaioiAeM >kmakoctm npoBOAnT nyTeM 
nepeMem,eHMn b npoAonbHOM HanpaBneHHM 
OTHOCHTen bHo pe3epByapa Ann oxna>KAaioLLJ,eM 
>kmakocth mjim pe3epByapa Ann norpyxeHMn 
m/mjim mto no MeHbiuePi Mepe 3a BpeMn, b 
TeneHHe KOToporo MacTb npoKaTa norpyxeHa b 
oxnsDKAaiotAyio XMAKOCTb, nocneAHKHO 
HarpyxaioT Kone6aHMnMM wnv\ evi npMAaKrr 
Kone6aTeribHoe ABMaceHMe. KaK 6bmo 
o6Hapy»ceHO, sth Mepbi 3HaMMTenbHo ynyMwaioT 
roMoreHHocTb flocTumyToro KanecrBa. 

YcTpo^cTBO ynoMflHyraro BHaMane Tuna Ann 
noriHoro peweHMn npooneMbi npn H3roTOBJieHMM 
HMeiomero oco6bie CBotfcTBa 

npoqbnnnpoBaHHoro npoKaTa b cooTBeTCTBMH c 
H3o6peTeHneM oniMMaeTcn TeM, mto po/ibraHr 
HMeeT b 30He noATOTOBKH caMO no ce6e 
n3BecTHoe npncnoco6jieHMe no3vmnoHnpoBaHMfl 
npoKaTa m cpeACTBa Ann BbipaBHMBaHMn no 
npnMotf htim ocm npocpMJiMpoBaHHoro npoKaTa 
npH nnacTHMecKOM cpopMoo6pa30BaHMM 
nocneAHero, npncnoco6neHne nonepeMHOM 
TpaHcnopTM pobkm MMeeT cpeACTBO Ann npnMoro 
hum coochoto nepeBOAa npoKaTa, b ochobhom 
nepneHAMKynapHO era ocm H3 30Hbi noAroTOBKM 
b 30Hy o6pa6oTKM oxjia>KAeHneM, b stom 30He 
pacnonoaceHbi caMO no ce6e n3BecTHoe 
ycTpoKcTBO Ann 3aKanKM npoKaTa, b MacTHOc™ 
ronoBKM penbca, c noMom,bio oxna>KAaiom,etf 
>kmakoctm b pe3epByape Ann norpyweHMn c 
cpMKcnpyioiAMM v\ ynpaBnniom,MM 
npncnoco6neHneM h peryni/ipyeMoe 
npncnoco6neHMe flonojiHMTeribHoro 
oxria>KAeHMfl Ann nHTeHcucpuKaqnH oxna>KAeHMn 
no MeHbiueR Mepe APyraCi 3ohn npoKaTa, b 
MacTHOCTM noAOWBbi penbca, h 30Ha 
OKOHMaTeribHoro oxnaxAeHMn MMeeT MecTO 
CKnaAMpoBaHMfl Ann npoKaTa c qenbio era 
oxna>KAeHMn ao komh3thom TeMnepaTypbi. 
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M3BeCTH0, MTO BaXHbIM flBTmeTCfl 

BbipaBHMBaHMe no npnMoPi mjim ocm, maBHbiM 
o6pa30M npM ynyMiueHMM cbomctb 
npocpMriMpoBaHHoro npoKaTa, npoBOAMMOM 
OTHOCMTeribHo nonepeMHoro ceMeHMn mtim b 
MacTMMHbix 30Hax. BnaroAapn npeAOTBpaLqeHMio 
MMeioinero Mecra no BceM A^MHe Mnvi b 
MaCTMMHblX 30Hax M3rM6a, mo>kho noAAep>KMBaTb 
OAMHaKOBbie 3apaHee onpeAeneHHbie ycnoBMn 
oxna>KAeHMn mjim MHTeHCMBHocTb oxiia>KAeHMn 
npoKaTa, ecriM CMOTpeTb b oceBOM 
HanpaBneHHM, tbk mto MCKnioMaioTcn pa3nnMnn b 
npOMHOCTM MJIM TBepAOCTM BAOJlb o6pa3yiouj 1 MX 
npocpMJW. HccjieAOBaHMn noKa3anM, mto 

pa3nMMHbie paCCTOnHMfl OTHOCMTejIbHO CTeHKM 

pesepByapa Ann oxjia>KAaiouj,ero cpeACTBa 
m/mjim ocm CTpyMHoro oxjia>KAeHMn MoryT 
Bbi3biBaTb Henponopi^MOHanbHbie OTKnoHeHMn 

BeJlMMMH )KeCTKOCTM M TBepflOCTM. 

KpOMe TOrO, npM BbipaBHMBaHMM BaXHbIM 

nBJineTcn to, mto npoKaT c noMom,bio 
cooTBeTCTByioiAMX npMcnoco6jieHMM 
noABepraioT nnacTMMecKOMy 
qbopMOo6pa30BaHMK), MTo6bi npeflOTBpaTMTb npn 
onpefleneHHbix ycnoBMnx ynpyrMe B03BpaTbi b 
MacTMMHO MsomyTyio qbopMy. CoocHoe 
TpaHcnopTupoBaHMe npocpmivipoBaHHoro 
npoKaTa b 30Hy oxjia>KAeHMn nyTeM 
npnMOJiMHeMHOM nonepeMHOM TpaHcnopTMpoBKM 
MMeeT 6ojibiiJoe 3HaMeHMe Ann ncmiKDMeHMn 

AOnOJlHMTeJlbHblX npaBMJlbHblX yCTpOMCTB. 
flOnOJIHMTeJIbHO K 3TOMy B 30He OXJia>KAeHMn 

npeflycMOTpeHO ynpaBnnioiAee 
npMcnoco6jieHMe, c noMou^bio KOToporo wmsx 
6biTb ocym,ecTBneH npneM M yAep>KaHMe, 
norpy>KeHMe b pe3epByap c 0XJia>KAaK3UJ,eM 

WMAKOCTblO MJIM 3aKaJlKa MaCTMMHblX 30H 

npoKaTa, a Taioxe nepeAaMa b 30Hy 
OKOHMaTejibHoro oxna>KAeHMn. ripM stom Ann 
MHTeHCMBHoro oxna>KAeHMn ApyrMX 30H 
nonepeMHoro ceMeHMn MO>KeT 6biTb 
npeAycMOTpeHo no MeHbmeM Mepe oaho 
npMcnoco6jieHMe Ann AonojiHMTejibHoro 
oxna>KAeHMfl. 

B ycoBepmeHCTBOBaHHOM BapMaHTe 
ycTpoMCTBa npeMMymecTBOM nBJineTcn to, mto 
npMcnoco6neHMe AonojiHMTejibHoro 
oxna»<AeHMn MO>KeT 6biTb ycTaHOBJieHO Ha 
npoKaTe m MMeTb peryjiMpyeMyio MHTeHCMBHocTb 
oxna>KAeHMn m TeM caMbiM MoxeT 6biTb 
o6ecneMeH AanbHeMiiiMM MecTHbiM otboa Tenna 
comacHO cnoco6y. 

llpeAnoMTMTenbHbiM nBnneTcn TaiOKe 
BapMaHT BbinonHeHMn, b kotopom 
npwcnoco6neHne flononHMTe/ibHoro 
oxna)KAeHMn MMeeT A©TanM Ann co3AaHMn 
noKanbHora noTOKa oxna>KAaK)iAe^ cpeAbi, 
orpaHMMeHHoro b npoAonbHOM MnM oceBOM 
HanpaaneHMM npoKaTa, no cymecTBy 
HenpepbiBHoro B nonepeMHOM HanpaBneHMM, m 
npM Heo6xoAMMOCTM cpeACTBa Ann 
npeAOTBpameHMn ycMneHHoro otboa3 Tenna ot 
noBepxHOCTM (noBepxHOCTei^), coceAHeM 
(coceAHMx) c oxna>KAaeMOM noBepxHOCTbio. 
BnaroAapn STOMy mo>kho co3AaTb pe3KO 
orpaHMMeHHbie 30Hbi oxnajKfleHMn m MCKnroMaTb b 
pacnono>KeHHbix pnAOM 30Hax MHTeHCMBHbiPi 
otboa Tenna mhm co3AaTb b 3Tmx 30Hax 
MeHbUjyio >KecTK0CTb MaTepMana, npMMeM b 
cooTBeTCTBMH c APyruM BapwaHTOM BbinonHeHMn 
npncnoco6neHne flonoriHMTenbHoro 
oxna>KAeHMn BbinonHeHO b BMAe 
rmeBMaTMMecKoro oxna>KAeHMn MnM oxna>KAeHMn 
pas6pbi3rMBaHMeM. 

Mo>kho eu^e noBbicMTb roMoreHHocTb 
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>KeCTKOCTM M BeJlUHUH TBepflOCTM B npOAOnbHOM 

HanpaB/ieHMH npocpnnnpoBaHHoro npoKaTa, 
ecnn npoKaT nepeMet^aTb b oxna^aioiAen 
>KMflKOCTM B npOflOJlbHOM HanpaaneHnn 
OTHocnTenbHO peaepByapa ppn norpyxeHna 
n/nnn oTHocnTenbHO ycTpoPicTBa 

AononHnTenbHoro oxnaacqeHna n/nnn ecnn Ha 
pe3epByape Ana norpyxeHna n/nnn b caMon 
oxnaacAaioiAen >kmakoctm pacnonoxeHbi 
npncnoco6jieHMfl, c noMoiAbio KOTopbix 
oxiia>KAaK)iAan wnAKOCTb moxbt nepeMemaTbCfl 
Typ6yneHTHo n/nnn npuBOAHTbcn b 
KoneSaTeiibHoe RBVDKeme. Bbino o6Hapy>KeHo, 
mto OTHOCMTenbHbie nepeMemeHna, a Taioxe 
Kone6aTeribHbie ABnxeHna nnn yAapHbie BonHbi 
Me>KAy oxna>KAaioiAeM cpeAon n n3AenneM 

C03AaiOT CpaBHMMbie C MeCTHOn 

MHTeHCMBHOCTbK) 0XJia)KA6HMfI H 

npeAnoMTMTe/ibHbie ycnoBnfl yjiyqiueHMfi 

CBOnCTB. 

Penbc b cooTBeTCTBUM c H3o6peTeHMeM, 

M3rOTOBJieHHbM, B HaCTHOCTH, B COOTBeTCTBMM C 

yKa3aHHbiM Bbinie cnoco6oM, npn 

Heo6XOAMMOCTH M3rOTOBneHHbl^ B onucaHHOM 

Bbiiue ycTpoPicTBe, OTnuHaeTCH TeM, hto b 
nonepeMHOM ceneHnn peribca nocneAHnn MiweeT 
b BepxHeii 30He ronoBKn BbicoKne noKa3aTenn 
npoMHOCTM n TBepAoc™ MaTepnana, stu 
noKaaaTenn b Hn>KHen 30He ronoBKn, b wenKe n 
b nepucfiepuMHbix Hacrax nofloiiiBbi noHMweHbi, a 
B L^eHTpailbHOM 30He Ha 6a30BOM noBepxHOCTM 

noAQUJBbi, no cpaBHeHnio c nepncpepnnHbiMn 
MaoTflMM n wenKoPi, Hanni^o noBbiiueHHbie 
BenMHMHbi TBepAOCTM MaTepnana, npnneM 
oco6eHHO paBHOMepHbie KanecTBeHHbie 
npM3HaKH AOCTuraioTca TorAa, rarAa 

CMMMeTpMMHO OTHOCHTeJlbHO maBHOn OCn 

npocpnna nonepeMHoro ceneHun nun 

CMMMeTpMHHO OTHOCMTGJlbHO nepneHflMKyilflpHOM 

ocn nonepeHHoro ceneHMfl peribca ycTaHOBjieHbi 

B OCHOBHOM OflMHaKOBbie BeJIHHMHbl TBepAOCTM 

MaTepnana. (1oAo6Horo poAa penbc p,axe npn 
ycno>KHeHHbix Harpy3Kax, KaK HanpnMep, npn 

BblCOKMX OCeBblX yCMJUWX, M/MJin BblCOKOn 

qacTOTe ncnonb30BaHMfl, n/nnn He6onbwnx 
paAnycax KpnBH3Hbi yqacTKa ny™ nwieeT 
ynymueHHbie 3KcnnyaTaL(MOHHbie CBOMCTBa. 

Ha cpnr. 1 noKa3aH xoa TepMnnecKoPi 
o6pa6oTKii penbcoB;Ha cpnr. 2 - nonepeHHbin 
pa3pe3 peribca; Ha cpnr. 3 A^arpaMMa 
npeo6pa30BaHnn MaTepnana penbca b 
KoopflMHaTax Bpewin-TeMnepaTypa. 

KaK cxeMaTMHecKM npeACTaBneHO Ha cpnr. 1 , 
b 30He A noAroTOBKn Ha ponbraHre 21 
no3nu,noHnpyioT npocpnnnpoBaHHbin npoKaT, KaK 
HanpnMep pejibc, nocpeACTBOM noABOAnMoro b 
3aAaHHyio Tom<y HaKonnTena (3araTOBOK) (He 
noKa3aHo). 3aTewi c noMotubra npaBnnbHbix 
cpeACTB 22 n 23 penbc 1 bw paBH n BatoT no 
npaMon jimhmh, npnneM npeAnoMTnTenbHon 
nBJineTcn i^eHTpnpyioinafl cpopMa npaBnnbHbix 
cpeACTB, KOTopan ncnpaBnneT TaioKe M3rn6 b 
BepTOKanbHOM nnocKoc™. nocne BbinpnivineHna 
npoKaTa ocymecTBnflioT nonepeMHyio 
TpaHcnopTnpoBKy Mepe3 MecTO 2 
cKnaAnpoBaHMfl b 30Hy B oxna>KAeHMfl n 
ycTaHOBKy b ynpaBnnioiAeM ycTpoiiCTBe c 
noMombK) yAep>KHBaH3iAnx cpeACTB 24, npnnewi 
npeAycMOTpeHO onnpaHne npn AOCTaBKe t3kmm 
o6pa30M, hto He nponcxoAMT M3rn6a nonepeK 
npoAonbHoS ocn. H3BecTHbiM o6pa30M npoKaT 
nnn penbc 1 c noMotAbra yAepxnBaromnx 
cpeACTB 24 MacTnMHO norpyxaioT b 
oxna>KAaioiAyio >KMAKOCTb 37, KOTopaa 
HaxoAMTcn b pe3epByape 38 ppn norpyweHna. 
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llpn 3tom Ba>KHbiM nBnneTCfl to, >^to yAaneHne 
noBepxHOCTM penbca 1 ot ctchok pe3epByapa 
Ann norpy>KeHnn no AnnHe co Bcex ctopoh 
OAMHaKOBO n 3HaHMTenbHO no B8J1MHMH©, npuHeM 
TaioKe c L^enbio noBbiujeHnn ASMCTBeHHOCTn n, b 

MaCTHOCTM, C L(eJ1blO BbipaBHHBaHHfl 

HHTeHCHBHOCTM oxna>KAeHnn noBepxHOCTM 
npoKaTa, npeAnoMTnTenbHbiM o6pasoM npoKaT 1 

MO>KeT 6blTb yCTaHOBJieH C B03MO)KHOCTblO 

nepeMemeHiw b npoAonbHOM HanpaBneHnn b 
pe3epByape 38 Ann norpyxeHna nnn b 
oxna)KAaioiAePi cpeAe 37 b npeAenax, 
HanpnMep, ot 0,5 ao 5 m. YiwecTHO mo>kho 
ncnorib30BaTb TaioKe pacnonoxeHHbie b 
oxnaxAaioiAePi cpeAe 37 nnn Ha pe3epByape 
Ann norpy>KeHnn reHeparapbi Kone6aHnn, 
KOTopbie npuBOA^T oxnajKAaiomyio cpeAy b 
npeAnoMTMTenbHbiM o6pa30M BnnnioiAee Ha 
MHTeHcnBHOCTb oxna)KAeHHH Kone6aTenbHoe 
ABVWKeHne c MacroToPi, HanpnMep, ot 100 p,o 800 
Kone6aHnn b MnHyry. 

Ha nnocKoCi nacTn noBepxHOCTn npoKaTa, b 
AaHHOM cnynae Ha noAOUJBe 13 peribca 1 MOKeT 
6biTb pa3MemeHO nnn ycTaHOBneHO 
AononHMTenbHoe oxna^AeHne 3. noAo6Horo 
poAa ycTpoRcTBO Ann AonoriHnTenbHoro 
oxna)KfleHn5i Mo>KeT nMeTb ycTponcTBO Ann 
noAann BOAbi 32 nun B03Ayxa 33 n MOxeT 
co3AaBaTb Ha nacTn noBepxHOCTn npoKaTa nnn 
noAoiiiBe peribca HanpaBneHHbiti cTpynHbin 
noTOK 31. MTo6bi ycTaHOBnTb b nepncpepnnHbix 
MacTHX 13" MeHbiijyio nHTeHcnBHOCTb 
oxna«AeHnn n co3AaTb ToribKO b L^eHTparibHoti 
30He 13' noBepxHOCTn npoKaTa nnn noAOHiBbi 
penbca 30Hy c nosbiujeHHoPi TBepAOCTbio 
MaTepnana, npeAnoMTnTenbHO mo>kho 
npeflycMOTpeTb BbinycK oxna>KAaioL4en cpeAbi, 
HanpnMep, c noMoiAbw oTcacbiBaioiAero 
ycTpoPicTBa. 

nocne oxna>KAeHnfi norpy^eHHon b 
oxna^Aaiomyio cpeAy 37 n npoTnBonono>KHon, 
HarpyxeHHoR CTpyPiHbiM noTOKOM 31, Mac™ 
npoKaTa, b nacTHOCTn penbca 1, npn 
TeMnepaType npeBpameHnn MaTepnana c 
KHTeHCMBHOCTbio, cnoco6cTByK)ineM 
o6pa30BaHnio MenK03epHncTon nepnnTHon 
crpyKTypbi, HanpnMep b cooTBeTCTBnn c cpnr. 3, 
npnMepHo ao TeMnepaTypbi 500°C co 
crapocTbio oxna>KAeHnH b cooTBeTCTBnn c 
KpnBofi "f , penbc b 30He C oKOHMaTenbHoro 
oxna>KAeHnn MoxeT 6biTb nepenoxeH Ha Mecra 
25 CKnaAnpoBaHnn Ann oxna>KAeHnfl ao 
KOMHaTHoPi TeMnepaTypbi. 

KaK npeACTaBneHo Ha cpnr. 2, penbc 1 b 
cooTBeTCTBnn c n3o6peTeHneM nMeeT Tpn 30Hbi 
c pa3nnHHon cTpyicrypon' nnn TBepAOCTbio, 
npuneM nepexoAbi o6pa30BaHbi HenpepbiBHO. B 
ronoBKe 11 penbca yKa3aHa MenK03epHncTan 
nepnnTHan 30Ha 1 1 ' c BennnnHaMn TBepAocTn 
ot 340 ao 390 no BpnHenio, npn Heo6xoAHMOcra 
flo 425 eAHHHL( TBepAocTn no BpnHenio, KOTopaa 
nepexoAnT BHn3 b 30Hy 11" c MeHbiuen 
TBepAOCTbio, HanpnMep c TBepAOCTbio no 
BpnHenio ot 300 ao 340. B npnMbiKaiomen 
nietiKe 12, KOTopan . b npaicrnMecKoK 
SKcnnyaTai^nn Aon>KHa nMeTb BbicoKyio 
B$i3KOCTb, ycTaHOBneHbi BennnnHbi TBepAocTn no 
BpnHenio ot 280 ao 320. B noAoiiiBe penbca 13 
b nepncpepnnHbix 30Hax 13", KaK n b menKe 12 
penbca, yKa3aHa nepnnTHan KpynH03epHncTaa 
CTpyicrypa nnn nnacTnHHaToe o6pa30BaHne, 
nMeiomafl TBepAOCTb no BpnHenio ot 280 ao 
320. BnaroAapn TaKOMy o6pa30BaHnio 
cTpyiaypbi n cBoficTBaM MaTepnana c 
yMeHbujeHHbiMn 3HaneHHflMn TBepAocTn b 
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3HaMHTe;ibHotf CTeneHM McicnioHaeTCfl 

HHML(HHpOBaHHe TpemMH H H3J10MOB. HanpoTMB, 

no i^eHTpy Ha crapoHe ocHOBaHun Ha noAoniBe 
13 penbca o6pa30BaHa 30Ha 13' c noBbiweHHoCi 
TBepAOCTbio MaTepnana m BannHMHaiun 
TBepfloCTH no BpuHenio ot 300 pp 350 m Bbiuje. 
KaK 6bino o6Hapy>KeHO, noAo6Horo poAa 
pacnpeAe^eHne MexaHnnecKnx cbomctb 
MaTepnana no nonepeHHOMy ceMeHMio penbca 
cnocoScTByeT BbicoKOM CTa6unbHoc™ n 
maBHbiM o6pa30M AonroBeHHocTM, b 
MacTHOCTn.npn ycnoxHeHHbix ycnoBMnx 
3Kcn;iyaTaL^MM. 

Oopwiyna M3o6peTeHMn: 

1. Cnoco6 TepMMHecKoti o6pa6o™n 
npocjDMJinpoBaHHoro npoKaTa, b nacTHOc™ 
>Kejie3HOAopo>KHoro penbca, BKmoHatomMM 
oxna>KAeHMe c TeruinepaTypbi aycTeHH3aL^nn b 
onpeAeneHHbix 30Hax nonepeMHoro ceneHMn, b 
MacTHOcru noBepxHoc™ ronoBKM peribca, c 

OAMHaKOBOM MHTeHCMBHOCTbK) B npOAOJlbHOM 

HanpaBJieHMM n nonyneHMeM Me/iK03epHucTotf 
nepjiMTHoPi CTpyKTypbi c noBbiweHHOM" 

TBepAOCTbK) M npOMHOCTbHD Ha MCTMpaHUe M 

oxna>KAeHne c pa3nnMHofi MHTeHCMBHOCTbio b 
nonepeMHOM ceneHMM no nepucpepnn, 
o6ecneMHBaioLnefi npnMonMHePiHOCTb npoKaTa, 
OTJinnaioiAHMcn TeM, mto nepeA oxna>KASHneM 
ocytnecTBjiflKDT npaBKy npoKaTa, b MacTHOCTM 
pe/ibca, b npoAOJibHOM HanpaBJieHMM b 
Anana30He TeiwnepaTyp MaKCMMyM 1 100°C m no 
MeHbLueS Mepe 750 °C, npeAnoHTHTe/ibHO 
MaKCMMyM 900°C, nepeBOAflT npoKaT, b 
MacTHOc™ penbc, b nonepeMHoe HanpaBneHMe, 
yASp>KHB3KDT M oxna>KAaiOT CHanana Ha B03Ayxe 
C OAHH3KOBOM MHTeHCMBHOCTbK) OXna>KAeHMn no 

ceMeHHio ao TeiwnepaTypbi hm>k6 860 °C, 
npeAno^THTenbHo pp TewinepaTypbi okojio 
820 °C, b nacTHOCTM ot Ar 3 + 5°C ao Ar 3 + 

1 20 °C, a 3aTeiw BeAyT oxna>KAeHMe 
onpeAeneHHbix 30H nonepeMHoro ceneHMn 

npOKaTa C OAMHaKOBOM* MHTeHCMBHOCTbK) B 

npoAOJibHOM HanpaBJieHnn n c pa3nMHHOM 
MHTeHCMBHOCTbio b nonepeMHOM ceneHMM, no 
MeHbLueH Mepe b oahom 30He no nepnqbepnn 
npoKaTa oxnaa^eHMe npoBOAnT c ycMneHHotf 

MHTeHCMBHOCTbK), B 30He C BblCOKOM MaCCOBOM 
KOHl^eHTpat^MeM M/MJ1M C MeCTHOM BblCOKOM 

TeMnepaTypoM npoKaTa c 6onbiueM 
MHTeHCMBHOCTbio, o6ecneHMBaioLAeM nonyneHMe 
MeriK03epHMCTOM nepriMTHOM cTpyicrypbi m 
oKOHHaTeribHoe oxna>KAeHMe ocyw,ecTBnnioT ao 
KOMHaTHOM TeMnepaTypbi c oamh3kobom 

MHTeHCMBHOCTbK) Ha B03AyXe. 

2. Cnoco6 no n. 1, omMHatomj/iflcn TeM, mto 
npaBKy m TepMMHecKyio o6pa6oTKy nocne BanKOB 
ocyiflecTBnnioT c Mcnojib30BaHMeM Tenna 
Aec>opMauMM npoKaTa co CTeneHbio 
AecpopiwaL^MM 1,8 8,0% npeAnoHTMTenbHO 2 5% 
npM TeMnepaType no MeHbwePi Mepe 750°C m 
MaKCMMyM 1050°C. 

3. Cnoco6 no n. 1 mjim 2, omMHaidflMPicn 
TeM, mto oxna>KAeHMio c ycMJieHHOM 
MHTeHCMBHOCTbio noABepraioT ABe MJIM 
HecKOJibKo 30H npocpunMpoBaHHoro npoKaTa. 

4. Cnoco6 no moooMy M3 nn. 1 3, 

OTJlMHaKOIAMMCfl TeM, HTO OXJia>KAeHMe 30H 

npoKaTa c BbicoKotf MaccoBotf KOHU,eHTpau,MeM, b 
qacTHOCTM m ronoBKy penbca, BeAyT nyTeM 
norpyweHun totiobkm b pe3epByap c 
oxria)KAaioiAefi >KMflKOCTbio, a 30H npoKaTa c 
MeHbwefl MaccoBoPi KOHLJ,eHTpai4Mei>i, b 
nacTHOcTM noAoujBy penbca, c noMoiflbio 

OKaTOrO B03Ayxa MTIM BOA0BO3AyiUHOM CMeCM, 
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o6ecneMMBaioineM ycMneHHyio MHTeHCMBHOCTb 
oxna>KfleHMfl. 

5. Cnoco6 no nioBoMy M3 nn. 1 4, 

OTJIMHaiOLl^MMCn TeM, HTO OXna>KfleHMe 30H 
npOKaTa C BblCOKOtf MaCCOBOM' KOHU,eHTpaU,Meft 

BeflyT b Anana30He TeMnepaTyp 800 - 450°C b 
xmakoctm, o6ecneHMBaioiAeM Bonbuiyio 

MHTeHCMBHOCTb OXTia>KAeHMH, CO CKOpOCTblO 1 ,6 

2,4 rpafl./c, npeflnoHTMTeribHo okojio 2 rpafl./c. 

6. Cnoco6 no jiio6oMy M3 nn. 1 5, 
OTJiMMaiom,Mitefl TeM, hto npM o6pa6oTKe 
npocpMJiMpoBaHHoro npoKaTa c T-o6pa3HOM 
30hom nonepeMHoro ceneHMfl, b m3cthoctm 
noAoiiiBbi peribca, npoTMBonono>KHyio lueMKe 
penbca, 30Hy mtim noBepxHOCTb oxna>KAaioT c 

yCMfieHHOM MHTeHCMBHOCTbio, npeAnOMTMTeilbHO 

c noMoiAbio c>KaToro B03Ayxa mjim 

BOAOB03flyiUHOM CMecw. 

7. Cnoco6 no jiio6oMy M3 nn. 1 6, 
OTJiMMaioiJj,MMcn TeM, mto npoTMBonono>KHyio 
lueMKe pejibca 30Hy mjim noBepxHOCTb, 

pacnOJ10>KeHHyiO CMMMeTpMMHO OTHOCMTeJlbHO 

ocm LueMKM peribca, oxjia>KAaioT c ycMJieHHOM 

MHTeHCMBHOCTbio M OrpaHMMMBaiOT B 

nonepeMHOM HanpaBJieHMM. 

8. Cnoco6 no Jiio6oMy M3 nn. 1 7, 
OTJiMMaioiUMRcH TeM, mto 30Hbi npoKaTa, 
npMneraiouj,Me k 30H3m c bhcokom MaccoBO^ 
KOHi^eHTpai^MeM mjim ycTbn ujeMKM penbca, 
3amMLU,aioT ot ycMJieHHoro MHTeHCMBHoro 

OXJia>KAeHMfl MJIM OCyLU,eCTBJlfllOT 
KpaTKOBpeMeHHbIM HarpeB 3TMX 30H. 

9. Cnoco6 no Jiio6oMy M3 nn. 1 8, 

OTJlMMaiOlAMMCH TeM, MTO 30Hbl OXJia>KAeHMfl C 
ycMJieHHOM MHTeHCMBHOCTbio pa3Mem,eHbi 
napannejibHo CMMMeTpMMHO m/mjim napanjieribHo 
HeCiTpanbHOM nnocKOCTM, npeAnoMTMTejibHo 

KOHI^eHTpMMHO OTHOCMTeJlbHO J1MHMM L(eHTpa 

TnxecTM mjim qeHTpa TJDKecTM nnoinaAM 
nonepeMHoro ceneHMs. 

10. CnocoS no Jiio6oMy M3 nn. 1 9, 

OTJlMMaKOIAMRCfl TeM, MTO npM OXJia>KAeHMM 

npoKaT nepeMemaioT b npoAOJibHOM 
HanpaBJieHMM OTHOCMTeJlbHO pe3epByapa c 
>KMAKOCTbio, b KOTopoM pa3Meuj,eHa 30Ha 
npoKaTa c 6onbuieM MaccoBOM KOHi^eHTpaLiMeM. 

11. CnocoB no Jiio6oMy M3 nn. 1 10, 
OTJiMMaioiAMMCfl TeM, mto oxjia>KAeHMe npoKaTa 
BeflyT npM KoneBaHMM pe3epByapa c >KMflKOCTbio. 

12. YcTpOMCTBO flnn TepMMMeCKOM o6pa6oTKM 

npocpMJiMpoBaHHoro npoKaTa, b MacTHOCTM 
>Kene3HOflopo>KHoro peribca, coAepxamee no 
KpaMHeti Mepe OAHy 30Hy npeABapMTeribHOM 
noAroTOBKM npoKaTa b BMAe pojibraHra c 
npncnoco6jieHMeM pnn no3Mi^MOHMpoBaHMn 
npoKaTa, 30Hy oxna>KAeHMH b BMAe pe3epByapa 
c XMflKOCTbio Ana oT6opa Tenna c noBepxHOCTM 
npoKaTa c 6ojibiiieS MHTeHCMBHOCTbio b 
npoAOJibHOM HanpaBJieHMM, b MacTHOCTM 
ronoBKM peribca, c npMcnoco6jieHMeM Ann 
cpMKcai4MM penbca, 30Hy OKOHMaTenbHoro 
oxna>KAeHMJi Ha B03nyxe ao komh3thom 
TeMnepaiypbi, npMcnoco6neHMe ppa 
nonepeMHOM TpaHcnopTMpoBKM npoKaTa, 
npncnoco6neHMe Ann MaHMnynMpoBaHMfl, 
OTnMMaioifleecJi TeM, mto 30Ha 
npeflBapMTenbHoC^ noAroTOBKM npoKaTa MMeeT 
cpeACTBo Ann npaBKM npoKaTa no npnMOM MnM 
ocm, pacnojio)KeHHoe nepefl 30hom oxnawfleHMn, 
30Ha oxna>KAeHMfl maBHbiM o6pa30M Ann 
ronoBKM penbca MMeeT npMcnoco6neHMe 
ynpaBneHMn m perynMpyeMoe npMcnoco6neHMe 
Ann AononHMTenbHoro oxna>KAeHMn no 
MeHbweM" Mepe ApyroM 30Hbi npoKaTa, b 
MacTHOCTM noAoiUBbi penbca, 30Ha 
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OKOHHaTenbHoro oxna>KfleHMn Ha B03flyxe ao 
KOMHaTHotf TeMnepaTypbi MMeeT y3en 
cKnaAnpoBaHMfl npoKaTa, a npncnoco6^eHne 
Ann nonepeHHOM TpaHcnopTwpoBKH npoKaTa 
MMeeT cpeACTBO npaMoro mum coocHoro 
nepeBOAa npoKaTa b ochobhom 
nepneHflMKynnpHo k ero ocu M3 30Hbi noflroTOBKM 
npoKaTa b 30Hy oxnaaweHMH. 

13. YcTpoPicTBO no n. 12, oniMHaioLneecfl 
TeM, hto npucnocoGjieHne pf\n 
AonojiHMTenbHora oxna>KAeHny) MMeeT 
peryjinpyeiviyro MHTeHCMBHOCTb oxna>KAeHMH n 

B03MO)KHOCTb 6blTb yCTaHOBJIGHHbIM Ha npOKaTe. 

14. YcTpoMCTBO no n. 12 mjih 13, 
oTJiMHaioiAeecfl TeM, hto npncnoco6jieHne Ann 
AonojiHMTenbHora oxnajKAeHna MMeeT cpeACTBa 
Ana co3AaHMfl noxanbHoro noTOKa 
oxna>KAaK)tAeM cpeAbi b npoAonbHOM nnn 
oceBOM HanpaBneHMM v\ npn Heo6xoAMMoc™ 
cpeACTBa Ann npeAOTBpaneHHfl otboa3 Tenna 
ot noBepxHOCTM (noBepxHOCTeS), coceAHeii 
(coceAHMx) c oxna>KAaK5LneCi noBepxHOCTbio b 
nonepeHHOM HanpaBneHMM. 

15. YcTpoMCTBO no nio6oMy M3 nn. 12 14, 
OTJiM^aioiAeecfl TeM, hto npncnoco6neHMe Ana 
AonojiHMTenbHoro oxna>KAeHMfl BbinonHeHO b 
BMAe cpeACTBa nHeBMaTMHecKoro oxna>KAeHMfl 
MnM oxna>KAeHMfl pa36pbi3rMBaHMeM. 

16. YcTpoMCTBO no riK)6oMy M3 nn. 12 15, 
oTJiMMaioiAeecn TeM, hto oho MMeeT cpeACTBO 
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Ann nepeMemeHHfl npoKaTa b oxna>KAaiciLAeM 
cpeAe b npoAonbHOM HanpaBneHMM 
OTHocMTeribHO pesepByapa m/mtim OTHOCMTeribHO 
npMcnoco6rieHM5i Ann A°noriHMTenbHoro 
oxna>KAeHMfl. 

17. YcTpoficTBO no nio6oMy M3 nn. 12 16, 
OT/iMMatomeecfl TeM, hto pe3epByap c 

>KMAKOCTbtO MMeeT CpeACTBO AHA C03AaHMfl 

TypByneHTHoro nepeMemeHMH m/mhm 
KoneBaTenbHoro ABMweHMH xmakoctm, 
pacnono)KeHHoe Ha pe3epByape M/nnM b HeM. 

18. npOCpMTIMpOBaHHblM npOKaT, B M3CTH0CTM 
Xe/ie3HOAOpO>KHblM peilbC, COCTOHLL(MM M3 

ronoBKM pe/ibca no MeHbweCi Mepe c HacTMHHO 
MenK03epHMCToPi nepnMTHotf CTpyicrypoM, 
noAOLUBbi peribca m LueMKM Me>KAy ronoBKOM m 
noAoniBOM penbca, OTfiMHaioiAMMCfl TeM, hto b 
nonepeMHOM ceneHMM peribca nocneAHMM MMeeT 

B BepXHeM 30He rOJIOBKM BblCOKyiO TBepAOCTb 

MaTepMana, noKa3aTenM kotopom b HMWHefi 30He 
ronoBKM, b oieMKe m b nepMqbepMMHbix Hacrnx 

nOAOLDBbl nOHMJKeHbl. 

19. llpoKaT no n. 18, oTriMMaroiAMMcn TeM, 

HTO CMMMeTpMHHO OTHOCMTe/lbHO ITiaBHOM OCM 

npocpMJin nonepeHHoro ceneHMn mjim 
CMMMeTpMHHO OTHocMTeribHO nepneHflMKynapHofi 
ocm nonepeHHoro ceneHMH penbca 
ycTaHOBneHN, b ochobhom, oAMHaKOBbie 
BejiMHMHbi TBepAocTM MaTepMana. 
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